CONCLUSIONS : Les systèmes de pointage pour établir le pronostic de l'évolution pathologique varient en matière de sensibilité et de spécificité. Le système d'indice de gravité tomodensitométrique établis-sait le pronostic de PA modérément bénin de la manière la plus précise (conformément aux critères révisés de l'Atlanta, 2012). Cependant, pour établir le pronostic de grave évolution de la maladie et de mortalité, l'échelle APACHE II avait la meilleure valeur prédictive.
indicators are known, but their sensitivity and specificity, as well as their prognostic value, remain the subject of debate. One of the first multifactorial prognostic tests is the scale based on the Ranson criteria. The presence of >2 risk factors prognosticates a severe form of AP. The Acute Physiology and Chronic Health Evaluation (APACHE) II scoring system is characterized by high sensitivity and specificity. The final assessment reflects the sum of scores from 13 evaluated parameters, each of which may be scored on a scale of 0 to 4. An APACHE II score ≥8 prognosticates a severe course of disease. The application of the proposed scales is often limited by their complexity; furthermore, some hospitals may have only limited access to certain scales. The Panc 3 score is a simple scoring system that evaluates hematocrit, body mass index (BMI) and pleural effusion. It was proposed that hematocrit >44%, BMI >30 kg/m 2 and the presence of pleural effusion prognosticate a severe course of AP (7) . Another simple, highly specific diagnostic test prognosticating a mild course of AP involves the evaluation of peritonitis, hematocrit value and creatinine level. According to Oskarsson et al (8) and Lankisch et al (9) , a lack of peritonitis symptoms, hematocrit value <43% in men and <39.6% in women, and creatinine level ≤2 mg/dL (≤176.8 μmol/L) indicates a mild disease course. Another simple diagnostic test is the bedside index for severity in acute pancreatitis (BISAP). This index is calculated within the first 24 h after admission to hospital, and is based on five variables: blood urea nitrogen (azotemia) >25 mg/dL (>8.9 mmol/L); consciousness disorders (Glasgow coma scale <15); systemic inflammatory response syndrome (the presence of ≥2 of the following parameters: body temperature <36°C or >39°C; respiratory rate >20 breaths/min or partial pressure of carbon dioxide <32 mmHg; heart rate >90 beats/min; and white blood cell count <4.0×10 9 /L or >12.0×10 9 /L); age >60 years; and the presence of pleural effusion (10) .
Given the lack of the consensus regarding the predictive value of the above-mentioned scales, the present study aimed to evaluate the utility of the selected scales in prognosticating the severity and risk for death among patients with AP according to the revised Atlanta classification published in 2012 (4).
METHODS
Data from 1014 patients hospitalized due to AP from 16 surgical wards in the Kielce region of Poland between December 2010 and December 2011 were analyzed with regard to admission details, disease course and treatment outcome. The final sample should be regarded as complete because all cases of AP are presumably subject to inpatient care. The criterion for inclusion in the study was the diagnosis of AP according to the revised Atlanta classification. The Atlanta classification is based on a joint interpretation of the symptoms obtained in medical history, physical examination and targeted laboratory tests. The panel of diagnostic tests performed during treatment depended on the clinical state of the patient. Demographic characteristics, results of laboratory and imaging tests, the course and outcome of treatment, and duration of hospitalization, were reported in previously prepared documentation forms. The BISAP, Panc 3 score and Ranson scales were calculated based on data from the first 24 h of hospitalization in the ward, irrespective of the time of occurrence of the first symptoms of AP. The APACHE II score was calculated only for patients who required additional laboratory tests, which was usually related to a deteriorating state. Cut-off points for prognostication of mild, moderate and severe AP were BISAP >2, Panc 3 ≥2, Ranson ≥2 and APACHE ≥8. The CT severity index (CTSI) was performed and subsequently analyzed only in patients who required CT because of the following clinical indications (n=208): organ failure, fever or chills, long-lasting abdominal pain and recurrent increase in serum amylase activity. Results from CT performed between day 4 and day 7 of the disease were taken into consideration. In some patients, CT was not possible due to early death during the first hours of hospitalization.
Statistical analysis
In the first step of data analysis, the demographic and clinical characteristics of the patients in the sample were described. Subsequently, scores on BISAP, Ranson, Panc 3, APACHE II and CTSI scales were calculated for each patient (whenever possible). The mean score on each scale was calculated for each severity group of AP. ANOVA was used to verify whether the difference in means among severity groups were statistically significant. The assumption of normality of distribution was not met in these cases; however ANOVA is known to yield good results even when the normality assumption does not hold. The predictive validity of the scales was subsequently estimated and compared using the areas under the ROC curve (AUC) for four terminal nodes: severe AP (versus moderately severe and versus mild), moderately severe pancreatitis (versus mild) and death; sensitivity and specificity were calculated (Figure 1 ). In addition, ORs of developing a 
RESULTS
The present study enrolled 1014 patients hospitalized due to AP. Men constituted 62.7% of the study group; patients' mean age was 54 years and three months. Mild AP was diagnosed in 822 (81.1%) patients, moderate in 122 (12%) and severe in 70 (6.9%); 38 (3.7%) patients died. Necrotic pancreatitis confirmed by CT scan was diagnosed in 31 patients. The median hospitalization time in the examined group of patients was seven days. The main cause AP was cholelithiasis, diagnosed in 34% patients (52.6% of the total number of women and 23% of the total number of men). Alcohol was the cause of AP in 26.7% of cases (4.5% of all women and 39.9% of all men). AP in was diagnosed in 10 patients with pancreatic cancer (1% of the entire group), while AP as a complication of endoscopic retrograde cholangiopancreatography developed in 0.7% of all patients. In the remaining 37.6% of patients, the cause of AP was unknown.
Recurrence of AP, as determined through patient interview, was observed in 244 patients (24.1%). Table 1 presents the mean score results of the prognostic scales according to the severity of AP. The BISAP and APACHE II scale scores were statistically significantly related to the severity of AP (ANOVA and Welch ANOVA). Panc 3 scores differentiated mild from moderate and severe AP (α=0.05), but did not differentiate between moderately severe and severe AP). The Ranson scale score was only significant for severe AP.
Figure 1 presents a comparison of ROC curves generated for the prognosis of major clinical outcomes using the selected scales. Table 2 summarizes the predictive validity of the selected scales. Because the CTSI was calculated only for selected patients, the results for these scales were only presented when the number of observations was sufficient to make such estimations (namely, in distinguishing between moderate and mild AP).
In prognosticating a severe versus a mild course of AP (70 versus 822 cases), the most useful scale proved to be APACHE II (AUC 0.724 [95% CI 0.655 to 0.793]), followed by BISAP (AUC 0.693 [95% CI 0.622 to 0.763]).
In prognosticating a moderate versus mild course of AP (122 versus 822 cases), CTSI proved to be the most decisive (AUC 0.819 [95% CI 0.767 to 0.871]). Regarding the prognosis of death, the APACHE II scoring system had the highest predictive value (AUC 0.726 [95% CI 0.621 to 0.83]); however, a similar sensitivity was observed using the BISAP scale (AUC 0.707 [95% CI 0.618 to 0.797]). Unfortunately, distinguishing between a severe and moderately severe course of AP is very difficult, even when predictive scales are used; in this scenario, the predictive value of all the scales was relatively low and none of them crossed the threshold of AUC 0.65.
While detailed evaluation of the predictive validity, sensitivity and specificity of various predictive scales is crucial for preparing clinical guidelines in the future, many practicing physicians rely on practical and easily accessible information that is useful in their everyday clinical practice. For this purpose, two biomarkers (leukocytes and CRP), as well as patient age and etiology of AP, were evaluated in terms of their potential to predict serious clinical outcomes (Table 3 ).
All analyzed scales were able to significantly prognosticate severe AP (Table 3) . Cut-off values for each scale to prognosticate the occurrence of severe AP were: BISAP >2 (OR 6.444); APACHE II ≥8 (OR 6.782); PANC 3 ≥2 (OR 4.377); and Ranson ≥2 (OR 6.854). Patients who score such high results on these scales are from four to almost seven times more likely to develop a severe course of AP, compared with patients who score lower than the cut-off points. Another meaningful risk factor is CRP level >150 mg/L at any time during the treatment, which is associated with a threefold increase in the risk of developing a severe AP, as well as leukocytes >13×10 9 /L , which corresponds to a 2.5 times higher risk of severe AP. Age >65 years increases the risk of severe AP by 85%. In evaluating the risk of developing moderate AP (compared with mild), composite scales can be helpful. Selected cut-off points of APACHE II ≥8 and BISAP >2 are, in fact, related to a greater risk of developing a moderate course of AP (from nearly twofold to threefold increase, respectively); however, these complex scales are unlikely to be used on patients who appear to be stable and undergoing the treatment without apparent complications. In such a case, CRP >150 mg/L may be very helpful because it is associated with a fivefold increase of risk. Another indication that mild AP is worsening to moderate might be leukocytosis (OR 2.149; P<0.006).
In the prediction of death, APACHE II ≥8 can be particularly helpful (OR 9.316), followed by Ranson ≥2 (OR 7.374); the BISAP scale is also useful (OR 3.151; P<0.045). Age is also acknowledged to be an independent risk factor of death during the course of AP. In the present analysis, age >65 years was significantly related with the risk for death (OR 3.02; P<0.001).
Patients with CRP levels >150 mg/L were approximately 2.5 more times likely to die than those whose levels of CRP never exceeded the threshold. Among single markers of death, leukocytosis may also be helpful. Analysis of collected clinical data indicated that leukocytes >13×10 9 /L carried a significant prognosis for death (OR 2.522).
The etiology of AP did not prove to be predictive of any of the clinical outcomes under investigation.
The results summarized in Table 3 suggest that composite scales provide a better estimate of whether a patient is at risk for a more severe course of AP and death. Single biomarkers, however, such as CRP and leukocytes, can also be helpful, especially in clinical settings where diagnostic capabilities are limited or time is crucial. For these reasons, a clinical application of these biomarkers should not be neglected, at least in some cases.
DISCUSSION
Reports in the literature have described the progressive increase in hospitalizations due to AP in recent years. Currently, there are no epidemiological data regarding the incidence of AP in Poland. Annual observation of AP cases enables highly reliable verification of the diagnosis and classification of AP severity according to the modified Atlanta classification. Results of our studies indicate that the AP incidence rate in the Kielce region is significantly higher (99.9 per 100,000) than reported in other countries. The high percentage of unexplained causes of AP reported in the present study is likely related to insufficient medical history taking concerning alcohol abuse, and inadequate diagnosis of microcholecystitis in some patients. A high incidence rate was also recorded for first episodes of AP (79.7 per 100,000) (3).
Recently, a revision of the Atlanta classification was published (4). The revision was prompted by advances in knowledge concerning the pathophysiology of the disease and improvement in imaging diagnostics. Due to the lack of uniform criteria for defining the severe form of AP used in the literature to date, it is difficult to fully evaluate the actual sensitivity of the markers applied in prognosticating the course of the disease. In the present study, we attempted to evaluate the utility of selected scales for prognosticating severe and moderate courses of AP (according to the revised Atlanta classification) and risk for death. To date, many reports have been published evaluating the effectiveness of the prognostic scales applied to the assessment of the risk of severe AP and death. However, there are few studies evaluating the utility of the scales in prognosticating moderate AP. The difficulty in using the scales is associated mainly with the complexity of the instruments applied. More than 80% of cases of AP have a mild course; therefore, simple indexes that enable rapid selection of patients for whom there is no need to perform costly and complicated procedures are needed. One such scale is the harmless acute pancreatitis score, which uses hematocrit and creatinine levels, and the presence or absence of peritoneal symptoms (9) . In the present study, APACHE II scores ≥8 were successful in prognosticating severe AP and death; however, the CTSI index proved to be better at prognosticating a moderate course (AUC 0.819 [95% CI 0.767 to 0.871]). According to the current definition, moderate AP is characterized by transient organ failure and local and/or systemic complications. Until recently, these patients have most frequently been classified as having severe pancreatitis (11) . However, recent insight into the pathophysiology AP, as well as the development of modern imaging techniques, has enabled standardized reporting on research and facilitated communication among clinicians (4). Furthermore, updated classification now recognizes two phases of AP (early and late) and has redefined the mild, moderate and severe severity criteria (4) . In the first phase, the intensity of AP is related to multiple organ dysfunction, secondary to the inflammatory response, and not necessarily pancreatic necrosis. The scope of morphological changes in the pancreas and the peripancreatic tissues is not always proportional to the severity of the clinical course with or without organ dysfunction (12) . The presence of necrosis indicates the risk of infection, but does not necessarily identify patients with a severe course of the disease (13) . The present study confirms that CTSI is a good index for prognosticating local complications, but does not always prognosticate a severe course of the disease, and death.
The study confirmed previous observations that the use of APACHE II scale, even at the lowest cut-off point (>6), may be a good instrument for prognosticating organ failure and death (14) . It is noteworthy that the use of APACHE II scale requires the evaluation of many variables, which considerably limits its usability. In addition, similar to other studies, its low sensitivity in the detection of local complications was confirmed (15) .
The present study confirmed that, compared with APACHE II, the BISAP scale is easier to use, with similar sensitivity and specificity in prognosticating severe and moderate AP, and risk of death. Comprehensive population studies of early predictors of mortality due to AP did not show any statistically significant differences in predictive validity between BISAP and APACHE II (16) and, in the present study, AUCs for BISAP and APACHE II in prognosticating the risk of death were similar (0.707 versus 0.726). Recent Chinese studies (17, 18) indicated the BISAP scale is valid instrument in prognosticating severe AP. Ease of data collection facilitates use of the BISAP in any hospital, for all patients. Increased mortality seen in patients who score high on the the APACHE II scale (scores eight times higher than the total population) may be attributed to selection of severely ill patients, in whom the use of APACHE II is more prevalent (16) . This observation was also made in the present study. BISAP predicts severity in relation to immune response to damage or older age, while the Ranson scoring system seems to be more precise in predicting persistent organ dysfunction within 48 h (19) . For the Ranson criteria, ≤2 positive variables predicted approximately 4% mortality, three or four positive variables predicted 10%, five or six variables predicted 36%, and seven or eight variables predicted >50% mortality (20) . The present study confirmed a good predictive value of the Ranson scale in prognosticating severe AP and mortality; however, it was insufficient for predicting moderate AP (AUC 0.625; AUC 0.678 versus AUC 0.480). Previously research (21) has shown that prognosis of AP, based on Ranson and APACHE II scales, was burdened with a significant error. Most patients who developed severe AP were initially diagnosed with mild AP (21) .
In the present study, sensitivity and specificity were evaluated on a simple scale (the Panc 3) that uses routine clinical parameters such as hematocrit, BMI, and the presence or absence of pleural effusion on radiological examination. The Panc 3 score is a sensitive instrument for prognosticating severe and moderate AP; however, no significant relationship was confirmed with prognosticating mortality. Considerably better results were obtained by the authors of the method, who confirmed that Panc 3 score prognosticates a severe course in 98% (7) . A biomarker that may prognositicate severity of AP is CRP, which reaches maximum concentration in blood after 72 h.
However, there is no agreement concerning its cut-off value. Patients with CRP values <110 mg/L are at low risk for development of necrosis (22) . Determination of the concentration of CRP in combination with multivariate prediction systems increases the effectiveness of diagnosing the disease. In the present study, CRP >150 mg/dL was correlated with mild pancreatitis. The white blood cell count is a simple test performed in patients with AP; in the present study, leukocytes >13×10 9 /L was statistically significantly predictive of severe and moderate disease, and death. Several clinical studies confirmed the role of cytokines and leukocytes in predicting the development and course of AP (23, 24) .
CONCLUSIONS
Our results, for the most part, confirm earlier observations concerning the effectiveness of the scales applied in prognosticating the severity of AP. A newly implemented revision in the classification of AP (4) now includes a 'moderate' course of the disease, in addition to mild and severe, thus necessitating the need for scales that distinguish among the three categories. It is suggested that there is a demand for studies of prognostic factors that take into acount the new classification (25) .
It should be stated that none of the scales examined in the present study is a sufficiently valid instrument in prognosticating the course of AP. A higher sensitivity and specificity is usually related to scales that are used to evaluate more clinically severe patients, and require difficult-to-collect variables (eg, APACHE II); hence the necessity to seek new, simple and more sensitive prognostic indexes.
SUMMARY
Scoring systems used in the prognosis of the course of the disease vary with regard to sensitivity and specificity. The CTSI scoring system showed the highest precision in prognosticating moderately severe AP (Atlanta 2012); however, in prognosticating a severe course of the disease and mortality, APACHE II proved to possess the greatest predictive value.
